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Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer-related mortality worldwide. The burden of HCC is highest in East and Southeast Asia and Northern and Western Africa and lowest in SouthCentral Asia and Northern, Central, and Eastern Europe. 1 HCC mainly develops in patients with chronic liver disease and cirrhosis, which may be due to various etiologies, including chronic infection with the hepatitis B virus or the hepatitis C virus and alcohol. In recent years, non-alcoholic fatty liver disease (NAFLD) has emerged as one of the leading causes of HCC. NAFLD encompasses a spectrum of liver pathology that is characterized by the excessive accumulation of fat in the liver. NAFLD can be attributed to overnutrition and is strongly associated with obesity, insulin resistance, glucose intolerance, atherogenic dyslipidemia, and arterial hypertension. 2 The prevalence of NAFLD has risen along with the increasing prevalence of obesity and is now recognized as the most common cause of chronic liver disease, affecting an estimated 25% of the general population worldwide. 3 Non-alcoholic steatohepatitis (NASH) is the more severe form of NAFLD that is defined histologically by the presence of lobular inflammation and hepatocyte ballooning.
While the prevalence of NAFLD is high, only a small proportion of NAFLD patients have NASH. Studies have shown that NASH patients have a greater tendency to develop advanced liver fibrosis and cirrhosis and are at an increased risk of HCC. [4] [5] [6] The purpose of this paper is to provide an up-to-date review of the current literature on the epidemiology of NAFLD-related HCC.
Methods
We performed a PubMed search using the MeSH terms "nonalcoholic fatty liver disease" or "fatty liver" and "hepatocellular carcinoma" in May 2017. The search yielded 674 articles. Of these, 580 were original articles. The abstracts of the articles were examined, and where doubt existed as to the relevance of an article to the review, the full paper was examined. In total, 35 articles were deemed relevant and were included in this review.
death. 7 The study recruited 18 031 patients newly diagnosed with HCC from 42 sites in 14 countries from 2005 to 2012. While the primary objective of the study was to provide an improved understanding of HCC treatment and outcomes in realworld clinical practice across the different regions of the world, it provided some important epidemiological observations. First, it confirmed previously reported regional trends in HCC risk factors, whereby the most common risk factor was hepatitis C virus (HCV) in North America, Europe, and Japan and hepatitis B virus (HBV) in China, South Korea, and Taiwan. It also confirmed that HCC occurred up to four times more commonly in males compared with females. In addition, the study noted that the number of HCC cases was relatively lower, and the age at diagnosis was older in Taiwan compared with China and South Korea. These observations were attributed to the success of the universal HBV vaccination program in Taiwan. Last but not least, the study also clearly demonstrated that NAFLD contributed to a larger proportion of HCC cases in North America and Europe (10-12%) when compared with their Asian counterparts (1-6%). This may be explained by the differences in the etiology of chronic liver diseases in the different parts of the world. The prevalence of NAFLD-related HCC in the general population is not well documented, with most studies reporting only the proportion of NAFLD-related HCC in single or multiple institutions and a few studies utilizing a large transplant database or cancer registry to look into the impact of NAFLD-related HCC in the respective countries where the studies were carried out. A summary of these studies can be found in Table 1 . [7] [8] [9] [10] [11] [12] [13] These studies are further discussed in the sections that follow.
Increasing prevalence of NAFLD and its impact on HCC. A recent meta-analysis has shown that the prevalence of NAFLD is now comparable between the West and the East. 3 Obesity, previously largely a problem of the Western world, has rapidly emerged in Asia over the past few decades due to globalization and rapid urbanization. The ensuing changes in the dietary and lifestyle habits of the people inadvertently promoted positive energy balance and fueled the rise of the obesity epidemic.
14 In China, for example, the number of obese people has increased from below 0.1 million in 1975 to over 43.2 million in 2014, accounting for 16.3% of obese people worldwide. In India, the number of obese people increased from 0.4 million to 9.8 million during the same period. 15 The result of this rapid increase in the prevalence of obesity is a dramatic rise in obesity-related diseases, including NAFLD. Consequently, NAFLD-related HCC is expected to become increasingly common in the Asia-Pacific region. The relative contribution of NAFLD toward HCC cases will only escalate with time, not only from the increasing prevalence of NAFLD but also from the anticipated decreasing burden of HBV and HCV infections as a result of more effective preventive strategies, case finding, and treatment of these other etiologies of chronic liver disease. While primary, secondary, and tertiary preventive strategies for HCC due to chronic HBV and HCV infections are somewhat in place, similar strategies for NAFLD-related HCC are lacking. This calls for more intensified research into NAFLD and NAFLD-related HCC to help formulate effective preventive strategies.
Several reports have already demonstrated the increasing burden of NAFLD-related HCC (Fig. 1) . For example, in the first large, population-based study on NAFLD-related HCC, which utilized Surveillance, Epidemiology and End Results (SEER) registries in the United States, a 9% annual increase in the proportion of NAFLD-related HCC cases was noted between 2004 and 2009. 8 Another study using data from the United Network for Organ Sharing (UNOS) registry noted a nearly fourfold increase in NASH-related HCC from 2002 to 2012. 9 In the United Kingdom, Dyson et al. reported a 10-fold increase in the proportion of NAFLD-related HCC from 2000 to 2010.
10 Meanwhile, epidemiological studies on NAFLD-related HCC from Asia were scarce and largely originated from Japan and South Korea. A large multicenter retrospective study in Japan reported that the proportion of HCC patients due to nonviral etiologies has increased from 10.0% in 1991 to 24.1% in 2010. They attributed this finding to the increasingly obese population and the rising proportion of patients with diabetes mellitus as a result of dietary changes. 11 A study in Korea has also highlighted the increasing proportion of NAFLD-related HCC over time. 12 Incidence of HCC in NAFLD patients. Several studies followed at-risk patients and reported on the incidence of NAFLD-related HCC. These studies are summarized in Table 2 . [16] [17] [18] [19] [20] [21] Studies from both the West and the Asia-Pacific regions have consistently reported a lower incidence of HCC among NAFLD patients as compared with other liver diseases, such as HCV. [16] [17] [18] 20 In the United States, a large, single-center study of 510 patients with cirrhosis by Ascha et al. reported an annual cumulative incidence of HCC of 2.6% in patients with NASH cirrhosis, compared with 4.0% in patients with HCV cirrhosis. 16 This study also clearly demonstrated that any alcohol consumption was associated with an increased risk of HCC for both HCV and NASH patients with cirrhosis. In a separate study from Japan, Yatsuji et al. reported a 5-year HCC rate of 11.3% for NASH cirrhosis and 30.5% for HCV cirrhosis. 20 Nevertheless, the incidence rate shown in these two studies did exceed the 1.5% per year threshold to recommend HCC surveillance, with the aim of reducing mortality and improving survival from incident HCC in patients with NASH cirrhosis. 22 On the other hand, HCC may occur in NAFLD patients without cirrhosis (see below). However, the incidence of such cases is low. For example, in a large-scale retrospective study of Japanese patients with NAFLD, the annual incidence rate of HCC was only 0.043%. 21 Therefore, it is neither practical nor cost-effective to recommend HCC surveillance for noncirrhotic NAFLD patients, and further studies are needed to identify noncirrhotic NAFLD patients who are at increased risk of HCC who will benefit from a HCC surveillance program. In the meantime, all patients with NASHrelated cirrhosis whose general condition and liver function are sufficiently good to allow intervention should receive surveillance for HCC so that curative therapy is more likely to be possible with early diagnosis, while HCC surveillance in patients with advanced fibrosis may be on a case-by-case basis. The increasing use of transient elastography, which allows simple and repeated noninvasive assessment of liver fibrosis, will likely change the way patients with chronic liver disease are selected for HCC surveillance, but more data and a consensus on the cut-off value to be used are needed.
Burden and survival outcomes of NAFLD-related-HCC. Despite the relatively lower incidence of HCC among NAFLD patients as compared to other liver diseases, such as HBV and HCV, the high and increasing prevalence of NAFLD has made NAFLD a major contributor to chronic liver disease and HCC cases. For example, NASH has demonstrated the greatest increase and has become the second leading etiology of chronic liver disease among new liver transplant waitlist registrants in the United States. 23 NASH is also the most rapidly growing indication and the second leading etiology for liver transplantation among HCC patients in the United States. 9 NAFLD-related HCC patients had significantly shorter survival, and a significantly larger proportion of NAFLD-related HCC patients died within 1 year of diagnosis compared with HCC related to viral hepatitis. In fact, having NAFLD was an independent factor associated with the risk of death within the first year after diagnosis of HCC. There are several postulations for this seemingly poorer prognosis of NAFLD-related HCC, including lack of HCC screening for NAFLD patients, limitation of ultrasound to detect small tumors in NAFLD patients (due to the associated obesity), and the development of HCC in noncirrhotic NAFLD patients (see below). Moreover, NAFLD-related HCC patients had significantly higher cardiovascular disease and were less likely to receive a liver transplant. 8 Pitfalls for consideration in epidemiological studies on NAFLD-related HCC. There are several pitfalls to be considered when conducting epidemiological studies on NAFLDrelated HCC. First, patients with NAFLD are less likely to be transplanted compared to patients with other liver diseases such as viral hepatitis due to their multiple comorbidities and slower progression of the disease. 8, 24 Hence, data from the liver transplant registry could be an underestimation of the true magnitude and impact of NAFLD-related HCC. Second, it is now recognized that the majority of cases of cryptogenic cirrhosis are in fact the advanced stage of NASH, so called "burnt-out" NASH. Cryptogenic cirrhosis shares many similarities with NASH-related cirrhosis as both are strongly associated with diabetes mellitus and obesity. [25] [26] [27] [28] The increase in visceral fat area and the negative correlation with liver-spleen density ratio measurements further support the theory that most cryptogenic HCC cases are burnt-out NASH. 29 Although most of the histological hallmarks of NASH are not present in cryptogenic cirrhosis, Marrero et al. reported that half of the patients with cryptogenic cirrhosis had prior histological or clinical features associated with NAFLD. 30 Hence, the inclusion of only those cases of HCC with a current diagnosis of NAFLD as NAFLD-related HCC will likely contribute further to the underestimation of NAFLD-related HCC. 25, 31, 32 In order to capture a more accurate estimation of the burden of NASH-related HCC, Charlton et al. and Wong et al. utilized modified NASH categories (NASH plus 50% of cryptogenic cirrhosis and NASH plus cryptogenic cirrhosis with BMI greater than 30 kg/m 2 , respectively) in their studies. 9 , 33 Wong et al. noted that modified NASH category as an etiology of HCC-related liver transplantation increased significantly over time, and about 25-50% of cryptogenic cirrhosis patients were included into the modified NASH category. 9 Last but not least, a large proportion of non-B, non-C, non-alcohol, or specific cause-related HCC cases in a HBV endemic area actually had serological evidence of prior HBV infection in the form of isolated anti-HBc IgG positivity. Therefore, in an HBV endemic area, the strategy of including obese HCC patients with cryptogenic cirrhosis without determining anti-HBc IgG to estimate the burden of NAFLD-related HCC may not be as appropriate as in other populations where such occurrences would be rare. NAFLD-related HCC and ethnicity. Ethnicity appears to play a role in NAFLD-related HCC. Couto et al. 34 noted that Hispanics were more likely to develop NAFLD-related HCC compared to non-Hispanics. Earlier studies have reported that Hispanics were more predisposed to NASH, [35] [36] [37] while Altekruse et al. found an increased risk of HCC among Hispanics. 38 In addition, US-born Hispanics had a higher incidence of HCC when compared to foreign-born Hispanics, while foreign-born Figure 1 The proportion of non-alcoholic fatty liver disease-related hepatocellular carcinoma at different time points based on studies from the United States, United Kingdom, Japan, and Korea.
Asians had a higher incidence of HCC than US-born, suggesting that environmental, socioeconomic, and cultural differences may be contributing factors as well. 39 In studies on multiethnic populations in Malaysia, 40 ,41 the prevalence of NAFLD has been found to be consistently higher among the Malays and the Indians compared with the Chinese, and this ethnic preponderance could be observed as early as young adulthood. 42 The etiology of cirrhosis and HCC in the different ethnic groups also mirrored this ethnic preponderance whereby cryptogenic cause, which is now recognized to be associated with NASH in the majority of cases, was more pronounced among the Malays and the Indians compared with the Chinese. 43 Obesity, diabetes mellitus, and HCC. Obesity and diabetes mellitus are metabolic comorbidities closely associated with NAFLD that have been found to be independently associated with HCC. In a study utilizing the UNOS database on liver transplantations from 1991 to 2000, which included 19 271 patients, Nair et al. found obesity to be an independent risk factor for HCC. 44 However, the risk appeared to be primarily associated with cryptogenic cirrhosis and alcoholic liver disease only. The reason for this disease-specific association of obesity and HCC is not entirely clear and deserves further exploration. A prospective multicenter study of HCC patients in Italy showed that 73.1% of NAFLD-related HCC patients have diabetes mellitus compared with only 24.9% of HCV-related HCC patients. 45 In a subsequent larger cohort study from the United States, NAFLD-related HCC patients were again found to be more likely to have diabetes mellitus compared with HCV-related HCC patients. 46 In another study from the Mayo Clinic, the hazard of HCC among non-HCV patients was found to be two times higher in patients with diabetes mellitus compared with those without diabetes mellitus. 47 In a separate study, diabetes mellitus was also found to be an independent factor associated with HCC among patients with cryptogenic cirrhosis. 25 While there is currently much focus on pharmacotherapy for NASH, there is an urgent need for effective public health measures to tackle obesity and the metabolic syndrome as a whole. The latter would have the downstream effect of curbing not only NAFLD-related HCC but also other associated diseases, especially cardiovascular diseases, which is the leading cause of mortality in these patients.
Development of HCC in noncirrhotic NAFLD. As mentioned earlier, HCC can develop in NAFLD patients in the absence of cirrhosis. Several studies have shown that as much as 40-47% of NAFLD-related HCC patients had no clinical or histological evidence of cirrhosis. 45, [48] [49] [50] A multicenter prospective study in Italy comparing NAFLD-related HCC and HCV-related HCC reported that cirrhosis was present in only about 50% of NAFLD-related HCC, in contrast with the totality of HCVrelated HCC. 45 Ertle et al. and Schutte et al. reported that the majority of noncirrhotic HCC patients had NAFLD and the metabolic syndrome, suggesting that NASH per se could promote the development of HCC in the absence of cirrhosis. 49, 51 Moreover, Alexander et al. reported a significant association between steatosis and/or steatohepatitis with HCC in 157 HCC patients who had no histological features of cirrhosis. 52 This further supports the hypothesis that steatohepatitis alone could have a causative role in hepatocarcinogenesis in noncirrhotic NAFLD. However, in contrast, a study comparing cirrhotic and noncirrhotic NAFLD-related HCC reported that noncirrhotic patients were less likely to be obese and less likely to have metabolic syndrome and diabetes mellitus. 50 However, the relatively small sample size could have impacted the findings from this retrospective study. In terms of clinicopathological findings, most studies agreed that noncirrhotic NAFLD-related HCC patients were more likely to present with larger tumors. 50, 51, 53 This may be due to the lack of HCC screening in noncirrhotic NAFLD patients. Edenvik et al. reported deficiency in HCC surveillance among NAFLD patients, with only 13% of HCC discovered through surveillance, resulting in delayed diagnosis in the majority of patients. 54 However, it is not practical to recommend HCC surveillance for all NAFLD patients due to the high prevalence of the disease and the very low incidence of HCC in noncirrhotic NAFLD patients (see above). Another challenge is that cirrhosis may be missed in NAFLD patients as features of cirrhosis may be obscured by fatty liver on ultrasonography. Therefore, NAFLD patients should be carefully assessed for the severity of their liver disease, for example, with the use of noninvasive scores and transient elastography, so that NAFLD patients with cirrhosis who would otherwise have been missed by ultrasonography could be offered HCC surveillance.
Conclusions
While NAFLD-related HCC is already a major problem in the Western world, it is an emerging threat in the East as the burden of NAFLD increases. Certain factors such as ethnicity, obesity, and diabetes mellitus appear to have an incremental effect on the risk of developing HCC among NAFLD patients, and this deserves further studies. The inherent difficulty in identifying NAFLD patients with cirrhosis and the possibility of HCC developing in noncirrhotic NAFLD patients are other challenges that need to be addressed. Further understanding of these gaps are important and may contribute to better surveillance strategies for early detection of HCC in NAFLD patients to reduce the mortality and improve the survival of these patients.
